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^ (57) Abstract: The invention relates to handover of a subscriber unit (301, 305) from a first cellular communication system (20!) 
O to a second cellular coromunicalion system (203). ITte first communication system is for example a UMTS communication system 
^ supporting a plurality of connections, and the second communication system is fox example a GSM cornrnunication system support- 
ing only a single connection- The handover comprises forming a handover connection (219) to the subscriber unit (301. 305) through 
O the second conununicaiion system and handing one of the connections under the first com munication system over to this connection. 
^ Rather than dropping the remaining connections, they are entered into a holding state. After me handover, one of me connections on 
^ hold may be entered into an active state by associating the handover connection (21 9) with this connection. 
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A METHOa.AND^EPARATUS FOR HANDING OVER A SUBSCRIBER 



UNIT BETWEEN CELLULAR COM3XIUOTGATION SYSTEMS 



5 Field of the invention 

The invention rftla^R tfl a inftt]iftn afl^ nppflyflfaa fnt ^anHiiigATOr f» 
subscriber unit between cellular communication systems and in particular 
to handovers from a third generation cellular communication system to a 
10 second generation cellular communication system. 



Background of the Invention 

15 FIG. 1 illustrates the principle of a conventional cellular communication 
system 100 in accordance with prior art. A geographical region is divided 
into a number of cells 101, 103, 106, 107 each of whicii is served by base 
station 109, 111, 113, 116. The base stations are interconnected by a fixed 
network which can communicate data between the base stations 101, 103, 

20 105, 107. A mobile station is served via a radio communication link by the* 
base station of the cell within which the mobile station is situated. In the 
example if FIG. h mobile station 117 is served by base station 109 over 
radio Hnk l l9 r mobile station 121 is served by base station 111 over radio 
link 123 and so on. 

25 

As a mobile station moves, it may move from the coverage of one base 
station to the coverage of another, Le. from one cell to another. For 
example mobile station 125 is initially served by base station 113 over 
radio link 127. As it moves toward region of 

30 overlapping coverage of the two base stations 111 and 113 and within this 
overlap region it changes to be supported by base station 116 over radio 
link 129. As the mobile station 125 moves further into cell 107, it 
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continues to be supported by base station 115. This is known as a 
handover or handoff of a mob uo station between ceUs. 

A typical cellular communication eyetem extends coverage over typically 
5 an entire country and comprises hundred or even thousands of cells 

supporting thousands or even millions of mobile stations. Communication 
from a mobile station to a base station is known as uplink, and 
communication from a base station to a mobile station is known as 
downlink * ^ — , — 

10 « f w.. 5 

Currently the most ubiquitous ceDular communication system is the 2 nd 
igeneration comimunicatton system known as the Global System for Mobfle 
communication (GSM). GSM usee a technology known as Time Division 
Multiple Access (TDMA) wherein user separation is achieved by dividing 

15 frequency carriers into 8 discrete time slots, which individually can be 
allocated to a user. A base station may be allocated a single carrier or a 
multiple of carriers. One carrier is used for a pilot signal which further 
contains broadcast information. This cajaries* i6 used by mobile stations fcr 
measuring of ^ the sign 

20 and the obtained information is used for determining a suitable serving 
cell dwng initial acce^ or han^^ 

TDMA communication system can be found in The GSM System for 
Mobile Communications' by Michel Mouly and Marie Bernadette Pautet, 
Bay Foreign Wguage Books, 199^ BSBN 2950719007. 

25 

Currently, 3* d generation systems are being rolled out to further enhance 
the communication services provided to mobile ueere. The most widely 
adopted 8^ generation communication systems are based on Code Division 
Multiple Access (CDMA) wherein user separation is obtained by allocating 
30 different spreading and scrambling codes to different users on the same 
WLrrier frequency. The trcmsnussions are spread by ^m with the 

allocated codes thereby causing the signal to be spro ad over a wide 
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bandwidth. At the receiver, the codes are used to de-6pread the received 
signal thereby regenerating the original signal. Each base station has a 
code dedicated for a pilot and broadcast signal, and as for GSM this is 
used for measurements of multiple cells in order to determine a serving 
5 cell. An example of a communication system using this principle is the 
Universal Mobile Telecommunication System (UMTS), which is currently 
being deployed. Further description of CDMA and specifically of the 
Wideband CDMA (WCDMA) mode of VWF8 can be found in WCT 
UMTS', Harri Holma (editor), Antti Toskala (Editor)* Wiley & Sons, 2001, 
10 ISBN 0471486876. 

In a UMTS CDMA comm\uiica.tion system, the communication network 
comprises a core network and a Radio Acceas Network (RAN). The core 
network is operable to route data from one part of the RAN to another, as 

15 well as interfacing with other communication systems. In addition, it 
performs many of the operation and management functions of a cellular 
communication system, such as billing. The RAN is operable to support 
wireless user equipment over a radio Hhk being part of the air interface. 
The RAN comprises the base stations, which in UMTS are known as Node 

20 Bs, as well as Radio Network Controllers (RNC) which control the Node Be 
and the communication over the air interface. 

Whereas the GSM system was originally developed with a view to mainly 
supporting voice services, UMTS has from the outset been developed to 

25 provide a wide plurality of different services including different voice 

communicertaon services and data semcesv pij&reiit services can be set up 
having different characteristics and specifically with different Quality of 
Service parameters such as different delays, data rates, target error rates 
etc Further, UMTS provides for a plurality of services and connections to 

30 be set up between different mobile stations. 
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The deployment of UMTS wiU initially islands of coverage wherein 
UMTS base stations provide coverage of selected areas and regions. 
However, it is ejected that jno^ XJiWtra ^tenifl^^ not provide full or 
extensive coverage for some time, and therefore it is planned that the gaps 
5 in UMTS coverage will be covered by 2 R * Generation Systems such as 

GSM. Conse quently , multimode mobile stations cap able of operating with 
both GSM and UMTS are being developed as is handover methods 
between the two systems. ^i * \ v , ' 

10 However, GSM provides liiiiited services in comparison to UMTS and the 
handover methods therefore comp rise reducing the services and quality of 
service provided to a user when handing over to GSM. Hence, the 
handover causes a reduced servra 

handovers providing improved support of services, functionality and/or 
IS performance would be an advantage. ' 

Summary of the Invention 

20 Accordingly the Invention s^eks to x^^ato, alleviate or Eliminate bile or 
more of the above mentioned disadvantages singly or in any combination. 

Accordingly, there is provided a method of handing over a subscriber wait 

from a first cellular communication Bystem supporting a plurality of 
25 connections^ 

system; the method comprising the steps ot entering at least a first 

connection of said plurality of connections into a holding state; fo rmin g a 

handover connection to the subscriber unit through the second 

communication 6ysteim; handing over a second connection of said plurality 
30 of connections to the second cellular communication system by associating * 

the second connection with said handover connection; entering said at 
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least first connection into ein active state by associating the at least first 
connection with the handover connection. 

An advantage provided by the inventb^te a first 

5 to a second communication system, the handover can be performed for just 
a single connection while still mabitaining all connections of the first 
communication syste m . This fe espedally advantage ous when the second 
communication system is only able to support one connection/ as it allows 
for the rem aining connections to be maintained father than dropped. The 
10 connections put into a holding state can be put into an active state using 
the handover connection and thus without requiring more than one " 
connection in the second cellular communicatioti system. If the subscriber 
unit is subsequently handed back to the DM^ 
allows for the connections cuirerit^ 
IS re-established. Hence, ah improved service is provided to the subscriber 
unite in a dual cellular cominui^ 

accommodates for the different capabilities, services and performance of 
the different communication systems, 

20 According to a di^exit featured 

at least first connection into an active state comprises switching the 
handover connection from being with the second connection to being with 
the at least first connection. Switching between connections provide for a 
simple and efficient implementation suitable for ceUular communication 

25 systems. 

According to another feature of the invention, the method further 
comprises the step of selecting the second connection from the plurality of 
connections in response to at least one characteristic of at least one of the 
30 plurality of connections. Advantageously, the connection having a 
characteristic most suited for being associated with the handover 
connection can thus be selected as the second connection; 
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According to another feature of the invention* the characteristic is related 
to a type of connection and preferably the step of selecting comprises 
selecting a data service connection in preference to a voice service . 
5 connection as the second connection. This provides the advantage of 

min imising the service impact by putting connections into a holding stage 
as a voice service tj^ica^ can be continued after the connection has been < 
entered into the active stete mthout unacceptable inconvenience. 

10 According to another feature of tho invention, the at Least one * 

characteristic comprises at least one characteristic chosen from the group 
consisting of- a priority; a data ra:tera propagation characteristic; an error 
rate; a tranBaction identifier; and a time of setup of at least one of the 
plurality of connections. These parameters provide efficient and practical 

15 parameters for selection the second connection. 

According to another feature of the invention, the at least first connection 
is a data connection and the method comprises the st^pie of storing data of 
the at Least first connection in memory when the at least first connection 

20 is in the holding state; and communicating the data stored in said memory 
when the at least first connection enters the active state. Tim allows Jbr a 
data service to be put on hold without any loss of data. The data source for 
the data service need not stop the data transmission or be informed of the 
holding elate as the data cx>mmmnca1»d is buffered^^ to the 

25 subscriber unit when the data connection enters the active state. 

According to another feature of the invention, the at least first connection 
is a data connection and t±L© method emprises the steps of storing data of 
the at least first connection in memory when the at least first connection 
30 is in the holding state I and the subscriber unit retrieving the stored data 
from the memory by setting up a separate data calL This allows for a data 
service to be put on hold without any loss of data. The data source for the 
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data service need not stop the data transmission or be informed of the 
holding state as the data commxniicatod is stored and retrieved by this 
subscriber unit. The user of a subscriber unit may have control of when to 
receive the stored^ata and this does not require an active connection. 

5 

According to another feature of the invention, the method 
comprises the step of notifying a user of the subscriber unit of which of the 
plurality of connections are in a holding state. Thereby the user is 
informed of the current status and thus may take appropriate action. 

10 

According to another feature of the invention, at least one of the plurality 
of cbnnectiona is between the subscriber unit and a second communication 
unit and the method further comprises the step of notifying a user of the 
second commumcati^^ plurality of connections are in a 

15 holding state. Advantageously, the user of the second communication 
system is informed of the current status and thus may take appropriate 
action 

According to another feati^ of the invention, the lurtifioat^ is by means 
20 of a voice communication if at least one of the plurality of connections is a 
voice service connection. This ia provides buq efBcfe 
notification which is easily interpreted by a user. 

According to another feature cft^ invention, the step of selecting the first 
25 connection is in response to a parameter set by an operator of at least one 
of the first or second cellular com muni cation systems. Advantageously, the 
operator may control parameters influencing the selection of the second 
connection thereby allowing the operator increased control over the 
communication system b and services provided. 

30 

According to another feature of the invention, the step of selecting the 
second connection is in response to a parameter set by a user of the 
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subscriber unit. Advantageously, the user is thus proved with means for 
influencing which connection should initially be in an active state . 

According:^ another feature of the invention, if the handover to the 
5 second cellular communication system is unsuccessful at least one of the 
plurality of connections is re -estahlished through the first communication 
system. Hence, the advantage of increased resilience and reduced dropped 
connection rates is achieved as a connection is only dropped: if the 
handover to the second communication system fails and no support for the 

10 connection is available in the first communication system. 

• ■■ ■ r. : •■ '• ■ - ■■ 

According to another feature of the invention, the second cellular 
communication system comprises a master switch center comprising 
functionality the second connection out of the plurality of 

I S connections. This provides fior a very efficient implementation suitable for 
most cellular communication systems. 

According to another feature of the invention, the method is operated in a 
single integrated master switch centre for the first cellular communication 
20 system and the second cellular <x>mmumc«ition syfiftenu Thie provides &r 
the advantage of allowing for an efficient and relatively low complexity 
implementation wherein the characteristics and functionality of both 
com±i uixic ation systems can be considered and utilised. 

25 The second communication system may be operable to only support one 
connection for each served subscriber unit and the connections are 
preferably circuit switched connections. 

Preferably, the first cellular communication system is a Third Generation 
30 Cellular Com mivm cation System such as a Universal Mobile 
Telecommunication System (UMTS). - 
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Preferably the second cellular communication system is a Second 
Generation Cellular Commxinication System such as the Global System for 
Mobile communication (GSM) cellular communication system. 

5 According to a sewnd aepecfc of tiie inventioii, there is provided an 
apparatus for handing over a subscriber unit from a first cellular 
coxhmimicatipn system supporting a plurality of connections of the 
eubscadber Ainit to a seran 

comprising: means for entering at least a first connection of said plurality 
10 of connections into a holding state; means for forming a handover 
connection to the subscriber unit through the second communication 
system! means for handing over a second connection of said plurality of 
connections to the second cellular communication system by associating 
the second connection with said handover connection; means for entering 
15 said at least first connection into an active state by associating the at 
least first connection with the handover connection. 

Brief Description of the Drawings 
20 . 1 

An embodiment of the invention will be described, by way of example only, 
with reference to the drawings, in which 

FIG. 1 is an illustration of a cellular communication system in accordance 
25 with the prior art, 

FIG. 2 is an illustration of an architecture of two cellular communication 
systems to which an embodiment of the invention may apply; and 

30 FIG. 8 is an illustration of handover situation to which a preferred 
embodiment of the invention may be applied. 
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Detailed Descriptipja of a ftrdferred Embodixaent of the Invention 

Tha invention will in the following be described with specific reference to 
5 handovers between the UMTS communication system standardised by the 
Third C^erati^ 

communication eystem standardised by the European Telecommunication 
Standards Institute CETSB, but it wiU be apparent that the invention is 
not limited to this application but is equaUy appEe^ble to mMy other 
10 communication systems and handovers. 

r - **r . • ■ : I .t x r;*f{?>.P ■ - v . 

FIG. 2 is an illustration of architectures of cellular communication 
systems 201. 203 to which an embodiment of the invention may apply. 

. . V'.. - -. . : k ■■ <■ .%J 

15 A first communication system 201 is a UMTS communication system 
suppoi^g a plurality of 

communication system 203 is a GSM communicatidn system supporting a 
plurality of GSM subscriber unite. In addition both command 
systems 201, 203 axe able to support a number of multi mode subscriber 
20 unite comprising both GSM and UMTS fixncrtionality. A subscriber unit 
nmy typically b© a w^les® user at 
communication terminal, a personal digital assist ant, a laptop computer, 
an embedded communication processor or any communication element 
communicating over the air interface. 

25 

Tha UMTS comjnumca^ comprises a: UMTS Mobile Switch 

Centra (MSG) 205 which among oilier things iate charge of Etching the 
incoming data streams £rom different subscriber units to the appropriate 
output streams for the call destination. Specifically, the MSC 205 may 
3D switch the data to another MSC. Further, the MSC 2(*6 ia>in the trample 
shown, a Gateway- MSC comprising a gateway interfece far interfacing to 
an external network which in this case is a Pnblic Standard Telephone 
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Network (PSTN) 207. The MS C further comprises fuacticmality for 
performing various maintenance and operational functions including 
authentication and billing. 

5 The UMTS MSC 205 ia connected to a plurality: of UMTS Radio Network 
controllers GRNCs) 209 of which one is shown in FIG. 2. The RNC 209 is 
connected to a number of UMTS base stations, winch are known as Node 
Bs 211, 213, of which two aro shp^ in ^Q. 2, KNC 209 perfbnas 
many of the control functions related to the air interface of the UMTS 
10 communication system 201 including radio resource management and 
routing of data to said from appropriate Node Bs 211, 213. An RNC and 
associated Node Bs is known as a Radio Network System (RNSX 

The Node Bb 211,213 comprise much of the functionality required for 
15 supporting subscriber units oyer the radio air interface. Aa such, the Node 
Bs comprise radio transmitters, receivers and the required control 
circuitry for communicating with a plurality of subscriber units. FIG. 2 
Illustrate* three UMTS subscriber units 215, 217, 219 communicating 
with one of the Node Bs 218. The communication is by means of radio 
20 communication in accordance with the Technical Specifications for the 

UMTS cpmmunicalion ayatem. Typically, each Node B will support a high 
number of subscriber" units simultaneously. 

The GSM comm u n ic ation system 208 comprises a GSM Mobile Switch 
25 Centre (MSC) 221 which generally performs the same functions in the 
GSM communication system 203 as the UMTS MSG 205 performs for the 
UMTS »mmiaiii^tibh system 

and maintenance functions as well as interfacing to external 
communication systems. 

30 

The GSM MSC 221 is connected to a GSM Base Station Controller (BSC) 
223 which provides control functtonality for the base stations including 
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channel allocation, channel bpiifigiiiatipn management and handover 
control. The BSC 223 is connected to a plurality of GSM base stations 225, 
227 known as Base Transceiver Stations (BTSa) in GSM. The BTSs 226, 
227, of which two are shown in FIG. 2, comprise the functionality required 
5 for communicating over the G SM air interface to GSM subscriber units 
including the required radio transmitters, receivers and control 
functionality. In the example of FIG. 2, each of the illustrated BTSs 225, i 
2127 are shown to ckHrimT^ 229,281, 
but typically each BTS 225, 227 simultaneously communicate with a high 
10 numberofsuto t , ? : • : 

In the example of FIG. 2, one of the UMTS subscriber units 219 is a dual 
mode subscriber unit which is operable to communicate according to both 
the UMTS and the GSM communication standards. If the dual mode 

15 subscriber unit 219 moves out of the coverage area of the supporting Node 
B 213 it will attempt to handover to another ^ B, and thus remain on 
the UMTS communication system 201, Hb wevctf » it may be preferred, for 
example because the dual mode subscriber unit 219 is moving into an area 
with instifficient UMTS a>yerag6, to handover to a GSM BTS. In this case, 

20 it will be attempted to set up a suitable communication link between the 
dual mode subscriber unit 219 and a GSM BTS 22B as iEustrated by the 
connection 238 in FIG. % ; ^ < 

However, asXhetvto commurucatdon systems 201, 203 are not identical 
25 they have different characteristics and capabilities. In particular, the GSM 
cellular communication system 203 does not provide the same variety and 
performance of services as can be achieved in a UMTS communication 
system 201. Specifically, it is possible to set up a plurality of connections 
to a subscriber unit in a UMTS cellular communication system. Hence, in 
30 UMTS,;each connection is terminated in the subscriber unit. The plurality 
of connections may have different characteristics, and thus different 
services may simultaneously he set up for a subscriber unit including for 
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example a mix of voice and data services that may further have different 
characteristics. However, in GSM only one physical connection is allowed 
for each subscriber -unit on the interface between the GSM MSC 221 and 
the BSC 223, and therefore only o^ to 
5 tike dual mode subscribe? unit 219 through the GSM communication 
system 203. 

In accordance with a preferred embodiment of the invention, a subscriber 
unit 219 having a plurality of associated connections is handed over from a 

10 first cellular communication system, such as the UMTS communication 
system 201, to a second cellular communication system, such as the GSM 
communication system 203, by the performing the steps of entering at 
least a first connection of said plurality of connections into a holding state; 
forming a handover connection to the subscriber unit 219 through the 

15 second communication system 203; handing over a second connection of 
said plurality of connections to the second cellular communication system 
203 by associating the second connection with said handover connection; 
and entering the at least first connection into an active state try 
associating the at least first connection with the handover connection* 

20 

FIG. 3 is an illustration of handover situation to which a preferred 
embodiment of the invention may be applied. For clarity and brevity, only 
the elements of the cellular communication systems of FIG. 2 whic^ 
directly involved in supporting a specific subscriber unit arc shown. In the 

25 example of FlGb 3, a subscriber unit :301 is communicatm^ over three 
circuit switched connections with a second communication unit 303; The 
second communication unit 803 is in this example a PSTN communication 
unit, which is conaected to the UMTS cellular communication system 
through the PSTN Gateway 207. The second communication unit 803 may 

30 thus for example be a bridge conference system or in the specific example 
may be a network unit ^ telephone 
connections. 
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It will be apparent, that tlie second comxn unication unit 303 could be any 
suitable communication unit and could be associated with the cellular 
communication system in any suitable way. As such, the second 
5 communication unit could be a communication unit associated with a 
different external network, such as the internet, or could be associated 
with the first communication system, such as for example a second UMTS 
subscriber unit Further, it will be apparent that instead of a single second 
communication unit, the subscriber unit 301 could be in communication 

10 with a plurality of communication unite, and that these further could be 
different communication units having different characteristics, 
capabilities and associations with the cellular communication system(s). 
As such, the second communication unit 303 could be associated with the 
second communication system. 

IS ■ , >' • - > : - t • r 

In the specific example of FIG* 3, the subscriber unit 301 is 
communicating tlirough three ckcuit switched voica connections. Hence, 
the subscriber unit 801 is simultaneously supporting three voice services. 
For example, the subscriber unit 301may in this case he a conference 

20 bridge unit that maintains a conference between four users through the 
three connections. In order to support the three circuit switched 
connections, at least three connections are established for the subscriber 
unit 301 between the subscriber unit 801 and the serving Node B 213, 
between the serving Node B 213 and the serving RNC 209, between the 

25 serving RNC 209 and the UMTS MSG ^ 

and the PSI^ Gateway 207 ajid between i^e PSTOST gateway M7 and the 
PSTN communication unit 808. 

In the present example, the subscriber unit 301 moves out of the coverage 
30 area of the UMTS communication system 201. In the illustrated example, 
the subscriber unit 301 is a dual mode subscriber unit and therefore it 
may be attempted to set up a communication with the GSM 
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comm unication system 203. For this reason, the subscriber unit 301 
measures the pilot signals (such as the BCCH broadcast tacsuasmissibn^ of 
the neighbouring GSM BTSs in the same way as a conventional GSM 
mobile station does. In addition the subscriber unit 301 measures beacon 
5 signals of the neighbouring tJfolTS Node Bs. These measurements are 
reported back to the UMTS cellular communication system, wherein it is 
determined if a handover is necessary, and if so to which base station the 
handover should be directed to. If the reported measurements indicate 
that no suitable UMTS handover candidate is available but that the 
10 subscriber unit may be supported i>y a GSMBTS, a handover is made to 
this BTS- The selection of which base station to handover to is preferable 
determined in the same manner as for a standard GSM mobile station. 
%ecifically the base station being reported with the highest measured 
BCCH signal level is chosen. 

15 

When a QSM base station has been selected, the necessary signalling and 
information is exchanged between the communication systems and the 
subscriber unit, within each of the communication systems and between 
the communication systems. Sped6oa%/ in embodiment, the! 

20 handover controller determining whether to handover to the GSM 
communication system is located 

system 201, whereas the handover controller for determining which GSM 
BTS to handover to is located in the GSM communication system 203. In 
this case, the subscriber unit 801 first reports the measurement values to 

25 the RNC 209. The RNC 209 processes the measurcm^te toother with 
other characteristics to determine whether a handover is necessary and 
whether such a handover should be to the GSM communication system 
208, In this case, a handover request is transmitted to the UMTS MSG 
205 and from there to the GSM MS C 221. The GSM MS C 22 1 processes 

30 the information and selects the suitable GSM BTS 225. It then 

communicates the characteristics of tiiis BTS 225 back to the RNC 209 in 
the UMTS communication extern 201. The RNC 209 forwards the 
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therefor© associated /with: handover of just one connection while the 
remaining connections are released or dropped. 

In a preferred embodiment of the current invention, all the connections 
5 supported by the UMTS communication system 201 are forwarded to the 
GSM cellular communication system 20S. Thus as illustrated in HG. 3, in 
the described example three connections are established between the 
UMTS MSC 205 and the GSM MS G 221, oiie to eaidi of the « 
from the PSTN communication unit 303; However, from the GSM MSC 
10 221 through tte BSC 228 
established. 

In the deserved embodiment, the GS1&MS0 221 Aus sets up a single 
handover connection the GSM MSC 221 to the subscriber unit 305. It 

15 then performs a handover by switchin handover connection to one of 
the cpnnectiona fi^m the 205. Further, the GSM MSC 221 

comprises functionality for entering the remaining connections into a 
holding state. In the holding state, the connection is maintained to the 
second communication unit 303 but no data is communicated to the 

20 subscriber unit 305. For a voice call, the holding state may simply 

comprise putting the call on hold, which may be achieved by transmitting 
a holding indication to the second communication unit thereby informing 
the user of that connection that the call is on hold. 

25 Following the inter-system handover, the subscriber unit 305 is thus 
provided with a single connection out of the plurality of original 
connections. However, in contrast to conventional methods, the remaining 
connections are not dropped but taps still maintained. The GSM MSG 221 
further comprises functionality for 6 witching the handover connection 

30 between the GSM MSC 221 and the subscriber unit 305 to one of the 
connections on bold. Thus, following the handover, a connection in a 
holding state may be entered into an active state by switching the 
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handover connection from the active connection to a connection on hold 
thereby allowing communication to the subscriber unit 305 from this 
connection. The previously active connection is preferably put into a 
holding state. 

5 

Hence, in accordance with the preferred embodiment, the handover 
method allows all connections supported in the UMTS cellular 
communication system to be maintained when handing over to a GSM 
cellular communication system. Commumcation can be Tnaintained for all 
10 connections by switching a single GSM connection between the plurality of 
connections. A significant advantage of this approach, is that if the 
subscriber wut subseqxiently performs, a handover back to the UMTS 
communication system; all the original connections ran readily be re- 
established* ^ 

It will be appreciated that the above de scrip tion merely sets out a specific 
example embodiment, and that many variations and modifications may be 
made without detracting 

association be tween the plurality of UMTS connections and tie one GSM 
20 handover connection is preferable made by a simple sw jibing operation, 
other embodiments may use more complex methods including operating a 
queue allocation scheme or multiplexing scheme. 

In the preferred embodiment, the selection of which connection out of the 
25 plurality of connections to handover is in response to at least one 

characteristic of one of the connections. Specifically, the characteristic is 
related to a type of connection of the plurality of connections. Thus, the 
GSM MSG 221 selects the connection to initially associate with the 
handover connection from a consideration of which types of connections 
30 that are comprised bltheplm 

UMTS communication system. In the preferred embodiment, this 
consideration includes considering whether any of the connections are 
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data service connections and if so selecting a data service connection in 
preference to a voice service connection as the connection initially being 
associated with the handover connection. In most communication systems, 
there is no provision for pausing a data source for a data service whereas a 
5 voice call can be put on hold by a simple notification of the user. Thus for a 
voice call* an interruption in the coinmuniration is acceptable if the users 
are notified thereof whereas for a data call an interruption in the 
connection through the communication system(s) will cause lose of data. 
Hence, by prioritising data service connections above voice service 
10 connections, the negative impact of handing a plurality of connections over 
to a single connection is reduced. 

Additionally or alternatively, the selection of the initial connection far the 
handover can be in response to one or more of the following parameters; 

15 • 

A prioyitt of 3 connection: The communication system may have means of 
prioritising different connectionB, and the selection of the initially active 
connection may he deterinined as the bne hav^ priority. The 

priority may be determined directly by a priority parameter or may be 

20 determined indirectly by evaluation of other parameters. For example, 

quality of service parameters for the connections may indirata how highly 
they are prioritised. ^ and 
delay requirements may be prioritised higher than data connections 
having less strict requirements. 

25 

A data r^tfi : The im may be selected in accmriance witi^^ 

data rate of the service supported by a connection. The connection may 
simply be selected as the connection having the highest data rate but in 
the preferred embodiment, it is selected as the data rate which most 
30 closely corresponds to the data rate that is provided by the handover 
connection. Thus the initially active connection will be selected as the 
connection that wall be the least affected by the handover. 
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An error rate: The selection of the initially active connection may fbr 
example be in response to a n error rate of the service of the connection* 
This error xate may b 6th be a required one or a measured error rate ; 
5 Preferably, the connection is selected as that having a required error rate 
that most closely corresponds to a current error rate measured for the 
connection over the QSM air interfece. 

A transaction identifier- A transaction identifier is used by layer 3 of the 
10 UMTS communication system to identify different connections and 

transactions. This identification number may directly be used to select an 
initial connection, for example by selecting the connection that has the 
lowest transaction identifier. ^ v 

■ ^ ' ^-- s - ' ■> ■ • r ■ . . t: - ■: ■ . 

IS A time of setup of at least one of ^ Tims the 

selection of the initially active connection may be in response to the time 
of setting up the connections. Specifically, the initially active connection 
may be selected as the first connection that was set up for the 
ccmmtuaication system, active 
20 connection may be selected as the one most recently having been set xxp± 

In some embodiments, the selection of the initially active connection is in 
response to a parameter set by an operator of at least one of the first or 
second cellular communication systems, Thus, a network operator may 
25 control the handover mechanism by for example establishing a prioritised 

list of parameters in response to which the initial connection is selected 

"i ■ ' 

An example of each a list would be to first choose between connections 
depending on whether they are data service connections or voice service 
connections. If there is more than one data service connections, the 
30 operator may set up selection between these to be in response to the data 
rate such that the connection having a data rate most closely resembling 
the one of the handover connection is selected. 
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In other embodiments, the selection of the initially active connection is 
additionally or alternatively in response to a parameter set by a user of 
the subscriber unit. Hence, in this embodiment the user is directly 
5 involved in the selection of the initially active connection thereby allowing 
the user control over which connections are put on hold and which 
connection remains active. Ill a simple embodiment, the user is simply 
presented with a list of available connections and asked to select one of 
these: 

10 

In accordance with an embodiment of the invention, at least one of the 
connections entered into a holding state is a data connection supporting a 
data service and specifically a circuit switched data service. In this 
embodiment, the method of handover further comprises storing data of the 

15 at least first connection in memory when the at least first connection is in 
the holding state i and communicating the data stored in said memory 
when the at least first connection enters the active state. Hence, in this 
embodiment, the MSG further comprises a suitable data storage memory. 
As the data connection is put into the holding state, the data received from 

20 the UMTS communication system is stored in the data storage memory. * 
Consequently, when the handover connection is switched to the data 
connection, the stored data may be downloaded to the subscriber unit 
through the handover connection. In accordance with this embodiment, 
data buffering is thereby provided resulting in no data being lost during 

25 the handover. Hence, the operation of the originating data source is not 
affected by any handovers between the different communication systems. 
This embodiment is paxiicularly suited for delay insensitive date services 
such sb for example email services. 

30 Additionally or ^ternat^ unit may retrieve the stored 

data from the memory by setting up a separate data calL Thus, in this 
embodiment, the data from the data connection is stored and can be 
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retrieved independently of the current connections. Conaeqiiet^ly, if the 
subscriber unit has cap^ilily th it may set up a different 

independent connection over the GSM air interfece to the GSM MSG and 
download the data from the storage means. Thereby, the eubsc^er n^it, 
5 has control oyer the dovraload of the buffered data, said it can retrieve the 
stored data while another of the plurality of connections ie active via the 
handover connection. 

* x - r . ' - ■. ■■ • 
In the preferred embodunent, the handover method comprises the step of 
10 noticing a user of the subscriber unit of which of the plurality of 
connections are in a hold^ 

handover metihod comprises the step off notifying a nsc^ 
<ttmmunicati^ to* 
holding state. Thu^ when a 
15 is communicated to 

(them) th^t the conned 

unit is thus informed that reai time cd the subscriber 

unit is not currently avan^ T^e ori^ating wnmxum unit or a 
user thereof may thui ta^ for example 

20 pausing the txw6missibn: In a simple embodimenti where 
supports a voice service, the user of the originating: cpm^ 
may simple pause his speech until; the entered into an active 

state . lTkua a n^ 

preferably transmitted to^o^^ wad the 

25 originating c?^^ ^ ^ " ^ 

likewise, the subscribed unit or a ^u^^^ 

one or more of the connections are put on hold take appropriate action. In 
the simple case of voice communications, the user of the subscriber unit 
30 will simply refrain from spealang to the party of a connection put on hold. 
Hence, in the simple case of the suhstriber uxiit acting 
bridge, only one voice connection will ^^b at a time when supported 
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by the GSM communication system. The he user of the subscriber unit will 
proceed by only speaking to the party of the current^ active voice calL 
However, in the preferred embodiment, the user of the subscriber unit is 
further p rovided an indication of the voice calls currently on hold and with 
5 with switching means allowing him to manually select which call is to be 
in the active state. Thus, the method of the preferred embodiment 
comprises switching of the handover connection between the plurality of 
sub scriber units in response to a user input of a user of the subscriber 
unit. Hence, the user may continue to communicate with all parties by 
10 sequentially switching between the connections avaiJable. In embodiments 
where the connections support voice services, the notification is preferably 
by means of a voice communication, such as for example a synthesized 
voice message indicating which connections are on hold. 

15 In accordance with one embodiment of the invention, the method further 
determines if the handover to the second cellular communication system, 
such as the GSM cellular edmnttmu^tioii system described above* is 
unsuccessful. If so, at least one of the plurality of connections is re- 
established through the first communication system, such as the UMTS 

20 communication system described above. Hence, if the handover to the 
GSM communication €Qn3tem is ^ 

attempt to maintain and re-establish the connection through the UMTS 
communication system. This may be through the previously serving Node 
B 2X8 or through another Node B. Hence, in this embodiment, a call is not 
25 dropped because a connection to the GSM communication system cannot 
be established but only if additionally the connection cannot be re- 
established through the UMTS communication system. 

It will be apparent that the different functionality may be implemented in 
30 any suitable physical, logical and structural location. As such, the 

association between the handover connection and one of the plurality of 
connections may be made in the first or second communication system. 
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However, preferably -the assoti^ switching function 

implement^ iii ^ 

MSG further comprises the ftmctibnality for selecting the initially active 

connection* 

5 , 

In the preferred embodiment, ia connection that has been est ablished 

under one MSG such as the UMTS l^G; to 

MSC&llo^ 

which continues to be responsible for gathering and proc>essing;billing data 
10 as well as the signalling and overall call establishment and maintenance. 
In the preferred embodiment, the MSCs of the^ t^ 

systems axe anMegr^iMSC comprising both the UMTS 

and GSM functionality. In this embody 
communication systems is thus implicitly implemented in the 
15 functionality of t^ int^atbedMSCX TMs aBows fOT high degree of 
interaction between the communication systems and far a very efficient 
handover processing. 

Intheprefe^edembodto 
20 thus preferably a Tlmd Generiation C^Ut^ Ck)mmixxdcation System such 
asUMTS, and the sebond cte Generation 
Cellular Ctomm^ Therefore the operation of 

the handover is in aoeorfance 

UMTS and GSM commum particular the entering of 

25 one or more c£ Ihe c<^ 
accordance with the^ 

Specifications 22.08$ 2S;0^ and/or 24,088, and the entering of one of 
these connections into an active state is performed in accordance with the 
3 rf Generation Partnership Project (8G PP) Tedmcal Specification 24083. 
30 However, it will be deat that in other embodiments, other co mmunic ation 
systems may be involved and other standards may be adhered to. 
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Hie invention can be implemented in any suitable form including 
hardware, software, firmware or any combination of these. However, 
preferably, the invention is implemented as computer software nmning on 
one or more data proce ssors . The elements and components of an 
5 embodiment of the invention may be located in the core network, the radio 
access network or any suitable physical or functional location, Indeed the 
functionality may be implemented in a single unit, in a plurality of unite 
or as part of other functional units. As such, the invention may be 
implemented in a single unit or may be physically and functionally 
10 distributed in the network. 

Although the present invention has been described in connection with the 
preferred embodiment^ it is not intendad to be limited to the specific form 
set forth herein. Rather, the scope of the present inyenti^ is limited only 
15 by the accompanying claims. 
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Claims * '{••• r r . , • • 

L A methodof 1^ cellular 
commxinication system supporting a pluraUty "of coxinidcidd 1 . 

5 subscriber unit to -k Becohd ceUular oomin (having 

capability for supporting only one corine&tion^the method comprising the 
' steps o£ !! *• ^ ' : r-ii--^- - 

entering at least a first connection of said plurality of connections 
int»ahol(^etate; - - * ^ ; 

10 forming a handover connection to the subscriber unit through the 

second cellular communication system! 
handing over a ^ 

the second cellular communication system by associating the second 
connection with said handover connection; » v 
t5 entering Baid at least firat connection into an active state by 

associating the at least first connection with the handover connection. 

2. A method as daimedin clam 1 whttein the step of entering said at 
least first conn^tion into an active state coinprieee switchin|: the 
20 handover <tonneda^ second connection to being with 

the at least first connection. 

8. A method as claimed in any previous claim further wmprising the 
step of selecting the second connection from the plurality of connections in 
25 response to at least one characteristic of at least one! of the plurality of 
connections. 

4. A method as claimed in claim 3 wherein the ch^cteristic is related 
to a type of connection. 

30 
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5. A method aa claimed in claim 4 wherein the step of selecting 
comprises selecting a data service connection in preference to a voice 
service connection as the second connection. 

5 6. A method as claimed in any of the previous daims 8 wherein the at 
least one characteristic comprises at least one characteristic chosen from 
the group consisting of 

a) a priority; 

b) a data rate; 

10 c) a propagation characteristic; 

d) an error rate; 

e) a transaction identifier; and 

0 a time of setup of at least one of the plurality of connections. 

15 7. A method as claimed in any previous claim wherein the at least first 
connection is a data connection and the method comprises the steps of 

storing data of the at least first connection in memory when the at 
least first connection is in the holding state; and . 

communicating the data stored in said memory when the at least 
20 first connection enters the active state, 

8. A metiiod aa daiimed 

connection is a data connection and the method comprises the steps of 

storing data of the at least first connection in memory when the at 
25 least first connection is in the holding state; and 

the subscriber umtretriev^ the stored data firom the memory by 

setting up a separate data calL 

9. A method as claimed in any of the previous claims further 

30 comprising the step of notifying a user of the subscriber \uiit of which of 
the plurality of connections are in a holding state. 
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10. A method as claimed in any of t^previous claims wherein at least 
one of the plurality of connexions is between the subscriber unit and a 
second cellular communication unit ajid further comprising the step of 
notifying a user of the second cellular communication unit of which of the 

5 plurality of connections are in a holding state. 

11. A method as claimed in claim 9 or 1ft wherein the notification is by 
means of a voice communication if at least one of the plurality of 
cbnnectibns is a vdice service connection, 

10 

12; A method as claimed in aiay of the previous claims further 
comprising the step of selecting the second connection in response to a 
parameter set by an operator of at least one of the first or second cellular 
communication systems. 

13. A method as claimed in any of the previous claims further 
comprising tfce step of select to a 

parameter set by a user of the subscriber unit. 

20 14, A method as claimed in any of the previous claims wherein if the 
handover to the second cellular communication system is unsuccessful at 
least one of the plurality of connections is re-established through the first 
ceHular a>mmuniration system. v * 

25 16. A method as claimed in any of the previous claims wherein the 

second cellular communication system comprises a master switch center 
comprising fuMtionctoty for selecting the second connection out of the 
plurality of collections, 

30 16, A method as claimed in any of the previous claim wherein the 

method is operated in a single integrated master switch centre for the first 
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10 



ceUular communication system and the second ceUular commutucation 
systeinu 

17. A method as claimed in any of the previous claims wherein the; 
second cellular communication system is operable to only support one 
connection for each served subscriber unit. 

18. A method ats claimed in any of the previous claims wherein the 
plur ality of connections is drcuit switched connectionSi 

19. A method as claimed in any previous claim wherein the second 
ceUular communication system is a Second Generation Cellular 
Communication System. 



15 20. A method as claimed in claim 19 wheredn the second ceDxJar 
communication system is a Global System for Mobile co T n Tn vi nTc ation 
(GSM) cellular communication system. 



21. A method as claimed in any previous claim wherein the first 
20 cellular communication system is a Murd Generation Cellular 

Communication System. 

22. A method as daimed in claim 21 wherein the first cellular 
communication system is a Universal Mobile Telecommunication System 

25 (urns) . 

23. A method as claimed in claim 22 wherein the step of entering the at 
least first connection into a holding state is performed in accordance with 
at least one of the 3 rd Generation Partnership Project (8G PP) Tediimsal 

30 Specifications 22.083, 23,083 and 24.083. 
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24. A method as diwm 

at least first connection into an active state is i^rformed iii accordance 
with the 3** Gexxeration Partnership Project (SO PP) Techuoical 
Specification 24.083: 

5 ' 

25. A apparatus for hajoding over a subficriber unit from a first cellular 
communication system supporting a plurality of coxmections of the* 
subscriber unit to a second cellular cpm^ system (having 
capability for supporting only one coimection); the apparatus comprising: 

10 means for entering at least a first ^ of 

connections into a holding stated ; 

means for forming a handover cpmectioki to the subscriber unit 
through the second cellular cpmmuini^ 

means for handing over a second correction of said plurality of 
15 connections to the second celM^ system by associating 

the second connection ^th said haiuiover ^ .-. 

means for entering ^ an active state 

by associating the at least ^t cpnnec*ion ^th the handover connection. 
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